ABSTRACT
INTRODUCTION
The hyoid bone position is turning into a stepping stone in airway assessment and in managing all kinds of orthodontic treatment, especially those related to sleep disordered breathing and obstructive sleep apnea. The horseshoeshaped hyoid is the unique bone structure of the body that has no bony articulations and is located between the mandibular symphysis anteriorly and the larynx posteriorly. 1, 2 It is connected to the pharynx, tongue, mandible, sternum, the scapula, thyroid cartilage, and cranium of the facial skeleton through the infra and suprahyoid muscles. The hyoid bone plays an important role in maintaining airway patency and the upright postural position of the head, 3 as well as preventing regurgitation. 4, 5 The hyoid bone position is influenced by the head posture inclination and mandible rotation. [6] [7] [8] [9] [10] [11] Hyoid movement is biomechanically linked to head posture and body position during various oral functions in close association with tongue activity. 12 A study on dental classes
The inferior-posterior displacement of hyoid bone is most likely due to the enlargement of tongue volume. 23 In an age-related study, the horizontal position of the hyoid bone was shown to be stable. 24 In a therapeutic perspective, it was shown that the hyoid bone position became closer to the mandibular plane (MP), when obstructive sleep apnea patients were asked to protrude their mandible in the most comfortable position. 25 Evidence of pharyngeal lengthening and a more caudally located hyoid bone 26 occurs with age. 27 To avoid upper airways collapse, the hyoid bone renders a kinematic protective position. 28 When mandibles moved posteriorly, the hyoid bone and tongue, which are primary structures, did not follow in order to ensure the stability and patency of the pharyngeal airways. 28 On the contrary, other studies have
shown that the hyoid bone followed the advancement or setback movement in orthognathic surgery cases.
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OBJECTIVES
The objectives of the present cross-sectional study were to cephalometrically assess lateral cephalograms, in healthy young adult Lebanese subjects, the hyoid bone position in different genders and sagittal skeletal patterns, in order to establish cephalometric norms or references for a Lebanese population. This study is of paramount interest for orthodontists and other dental or medical head and neck-related specialists. Therefore, a secondary objective is to correlate the hyoid variables with the anthropometric data of the studied sample.
MATERIALS AND METHODS
Subject Selection
One hundred seventeen healthy young adult participants were recruited from the graduate students at the Lebanese University, Faculty of Dental Medicine. Selection was done according to the following inclusion criteria: Age range between 21 and 25 years, presence of a complete dentition, and Lebanese in origin. Exclusion criteria include healthy subjects with no morphological anomalies, no previous orthodontic treatment or surgeries, and no pathophysiology of the upper airways that affect the neck and craniofacial structures. The procedures were explained thoroughly, and an informed consent was obtained. The study was approved by the Ethical Committee of the Lebanese University.
Cephalometric Analysis
Digital lateral cephalograms were carried out in a standardized manner in the Department of Radiology, using the Kodak 8000/C apparatus with a charge-coupled device digital sensor (Carestream Dental, Toronto, Canada). Subjects were positioned in the cephalometer in a natural head position. To avoid the impact of posture and function (i.e., breathing and swallowing), individuals were asked to keep their teeth in maximum intercuspation according to the standardized conditions described by Siersbaek-Nielsen and Solow 33 and to keep their tongue in a relaxed position according to the protocol of Daraze et al 34 for upper airway cephalometric assessment.
The digital cephalograms were analyzed using the Viewbox cephalometric tracing software (Viewbox Version 4.0.1.6, 2012, dHAL Software, Kifissia, Greece). Cephalometric landmarks and planes used for hyoid position measurements are represented in Table 1 .
The hyoid bone position was identified by sets of lines, angles, and ratios, using 27 variables divided as follows ( H-Cv3ia/Cv3ia-Me. Linear and angular measurements were expressed in millimeters and degrees respectively, with the twodecimal format.
Landmark identification and cephalometric tracing were completed after calibration exercises for two clinicians. Subsequently, intra-and interobserver agreement was assessed using one-way intraclass correlation coefficient (ICC) and 95% confidence interval (CI). High intraobserver reliability with the ICC values of 0.998 and 0.999 were obtained for linear and angular measurements respectively. The ICC values for interobserver reliability were 0.997 and 1.000 with 95% CI (-1.05, 0.50) and (0.17, 1.01) for linear and angular measurements respectively.
The subjects were classified into three skeletal sagittal types according to their ANB angles as class I (1°≤ ANB ≤3°), class II (ANB > 3°), and class III (ANB < 1°). 35 Anthropometric measurements were performed. Height and NC were measured to the nearest 0.01 m. Body weight was determined to the nearest 0.05 kg. The BMI in kg/m 2 was calculated as weight (kg) divided by the height-squared (m 2 ).
Statistical Analysis
Descriptive statistics were performed for all cephalometric and anthropometric variables used in this study. After confirmation of the normal sample distribution, paired t-test, analysis of variance, and Pearson correlation were applied to evaluate the impact of modifying variables (gender, skeletal class, weight, height, and BMI) on the hyoid bone position. p < 0.05 was set for statistical significance. The sample size of 117 participants was justified to estimate any of the cephalometric and anthropometric variables to be within a margin error of at most 0.2 standard deviation (SD), using 95% CI that could be obtained with just a 100 sample size. This moderate to large (0.6 SD and above) sample size allowed us to detect differences, if any, between parameters, such as gender and classes. Tables 2 to 4 .
RESULTS
Descriptive statistics and comparisons are reported in
When hyoid position variables were compared between males and females (Table 2) , statistically significant differences were demonstrated for 21 out of 27 parameters considered. All linear measurements (H-SN, H-S, H-PP, H-PNS, H-MP, H-FH, H-Cv3iaRgn, H-BaN, H-Tg Dorsum, H-Cv3ia Vertical) and two out of three angular measurements (H-Me-Go, H-Gn-Go) defining the vertical hyoid position were significantly larger in males compared with females. Statistically significant differences were found in 8 out of 13 variables defining the sagittal hyoid position. Five linear measurements (H-Cv3ia Horizontal, H-Cv3ia, H-Cv4ia, H-Eb, H-PPW), all angular (H-S-N) and ratio measurements (H-MP/ Cv3ia-Me, H-Me/Cv3ia-Me, H-Cv3ia/Cv3ia-Me) showed statistically significant differences between males and females.
Comparison between skeletal classes I, II, and III showed statistically significant differences in 8 out of 27 variables (Table 3 ). The only significant difference for vertical measurements was demonstrated between classes II and III individuals relative to H-BaN, showing greater values in class III subjects. For the hyoid sagittal position, more statistical significance was demonstrated between classes II and III for five linear measurements (H-Cv3ia Horizontal, H-Cv3ia, H-Cv4ia, H-Eb, H-PPW), one angular (H-S-N), and one ratio (H-Cv3ia/Cv3ia-Me).
Between classes I and II, two variables were statistically significant (H-Eb, H-S-N), while H-PPW was found to be statistically significant between classes I and III.
Correlation between anthropometric and hyoid variables is shown in Table 4 . A significant positive correlation was found between BMI, linear, and ratio measurements; 7 vertical (H-SN, H-S, H-PP, H-PNS, H-FH, H-BaN, H-Tg Dorsum), 6 sagittal (H-B, H-Cv3ia horizontal, H-Cv3ia, H-Cv4ia, H-Eb, H-PPW), and 1 ratio (H-Cv3ia/Cv3ia-Me), while NC showed 2 vertical linear (H-MP, H-Cv3iaRgn) and 2 angular (H-Me-Go, H-Gn-Go) additional correlations. A significant negative correlation was found in both BMI and NC with H-Me/Cv3ia-Me ratio measurement. Neck circumference showed 1 linear vertical (H-Cv3ia Vertical) and 1 angular sagittal (H-Me/Cv3ia-Me) additional correlations. H-Cv3ia vertical, H-S-N, and H-Me/ Cv3ia-Me showed significant negative correlations with both weight and height, whereas H-Go/H-Me angular measurement correlated only with height.
DISCUSSION
Data from literature for healthy male and female adults of different ethnicities and gender (BMI ≤ 28 kg/m 2 ; age ≤ 50 years) were taken with comparable inclusion criteria to that of the present study. A protocol for X-rays 34 was set to standardize the technique and reduce the drawbacks mentioned by Graber 3 in regard to factors that influence the hyoid position, such as slight changes in the head and the cervical spine position as well as the state of functional activity during X-ray acquisitions. Consequently, the movement and activity of the soft tissues and the hyoid bone were limited.
Ethnicity and Gender
Vertical Measurements
The vertical hyoid bone position was extensively studied as the linear distance along a perpendicular from H to MP. The MP was considered as a reference line in most investigations of the hyoid position in the vertical dimension. In cephalometric airway assessment, the Go-Me, 4, 17, [36] [37] [38] [39] [40] [41] [42] [43] as MP was the most widely used, followed by Go-Gn. [44] [45] [46] [47] [48] [49] Therefore, H-MP distance would have greater values when Go-Gn is considered, since Gn is anatomically in a more coronal position than Me. To facilitate comparison, the MP used in the present study was Go-Me. The H-MP value of 15.83 ± 6.15 in the Lebanese sample was greater when compared with 13.61 ± 4.84 in the Turkish healthy adult sample of Malkoc et al. 37 For the same age range, Lee et al 40 59 In the present study, the vertical The overall H-Cv3iaRGn value obtained was 2.26 ± 6.24. In males and females in a Turkish sample (18-24 years), Malkoc et al 37 found a value of 12.03 ± 5.52 that implies a lower hyoid bone position when compared with values of the present study. H-Cv3iaRGn is affected by the orientation of Cv3iaRGn plane, due to the type of mandibular rotation of the subjects. During X-ray acquisitions, the head position in the cephalostat may affect that of the cervical spine, in specific the Cv3ia landmark. The hyoid parameters, related to the vertical position (H-SN, H-MP, H-PP, H-PNS, H-FH, H-S, H-Cv3iaRgn), presented some discrepancies, when compared with the previously cited studies. This is explained by differences in age groups and MP definition. In addition, the changes in the skeletal facial patterns and mandibular rotation within diverse ethnicities caused the base of the tongue to be positioned more inferiorly and posteriorly, followed by the hyoid. Therefore, the vertical distance from H to any horizontal and canted reference planes, such as SN, FH, ANS-PNS, MP and Cv3ia-RGn, were also affected. During X-ray acquisitions, where reproducibility is required, the head must be cautiously placed in a natural position to avoid deviations of the cervical spine. Which if occurs, the Cv3ia landmark will be modified, hence influencing the H-Cv3iaRGn distance. Therefore, facial type identification is mandatory in assessing the vertical position of the hyoid bone.
Sagittal Measurements
The horizontal hyoid bone position was assessed by different linear, angular, and ratio measurements in the present study.
In the studied sample, the overall H- The measurements defining the anteroposterior location of the hyoid showed a more posterior position in the female group. Statistically significant smaller values in females than in males was observed for H-Cv3ia Horizontal, H-Cv3ia, H-Cv4ia, H-Eb, and H-PPW, which is explained by their more retrognathic mandible position. Correspondingly, greater values for H-RGn and H-Me were found in females when compared with males. Yet, those differences were not significant.
Skeletal Classes
Five of ten sagittal linear measurements defining the anteroposterior position of the hyoid bone (H-RGn, H-Me, H-Gn, H-B, H-N (FH)) were not affected by the skeletal pattern. This finding was in agreement with earlier studies. [63] [64] [65] [66] [67] [68] The remaining five measurements (H-Cv3ia
Horizontal, H-Cv3ia, H-Cv4ia, H-Eb, H-PPW), located posterior to the hyoid bone, presented significant correlations between classes, mainly II and III. All the vertical linear and angular measurements, including distances from H-FH and H-SN, did not show any statistically significant correlation between classes, except for the H-BaN vertical variable that showed correlation to classes II and III solely. In reference to the true horizontal line, represented by FH, SN is considered almost parallel to it, while BaN is canted downward posteriorly (Fig. 1) . The more posterior position of the hyoid bone in class II resulted in a shorter distance H-BaN, unlike a greater one, in a more anteriorly located hyoid bone in class III. 8 This common correlation between hyoid variables and different classes in the present study fall under the morphological variations of craniofacial and skeletal structures, specifically in classes II and III. Those significant findings in regard to the classes were in agreement with Yamaoka et al, 13 Galvão, 59 Jose et al, 18 using
Bibby and Preston 20 analysis. In contrary, controversial results were found by Kuroda et al. 15 The anteroposterior position of the hyoid bone is the result of suprahyoid muscles activity, related to the clockwise and counterclockwise mandibular rotations. In an anterior rotation, the hyoid is in an upward and anterior position. While in posterior, it is located more retro-inferior. Therefore, the mandibular rotation impact is far more important than classes in dictating the sagittal hyoid position.
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Anthropometrics
Anthropometric data and gender differences of the Lebanese sample were represented earlier in an airwayrelated study. 34 The overall mean BMI was 23.2 ± 3.5.
Average figures were 24.6 ± 3.3 and 22.2 ± 3.2 for males and females respectively. Weight, height, BMI, and NC measurements were significantly greater in males than in females. 34 The relative differences in skeletal classes for the studied sample were described by Daraze et al, 34 when assessing the upper airway dimensions cephalometrically, in healthy Lebanese subjects. Few statistically significant differences were found in BMI between the three classes, while body height, weight, and NC were significantly greater in class III when compared with classes I and II. The vertical hyoid position represented by H-SN, H-S, H-PP, H-PNS, H-MP, H-FH, H-Cv3iaRgn, H-BaN, H-Tg Dorsum and H-Cv3ia Vertical was strongly correlated to the height of individuals, which interacts intimately with skeletal facial types creating harmony. Weight followed height and NC, unlike BMI, was the least correlated. Comparable values were obtained when correlating the sagittal measurements (H-B, H-Cv3ia Horizontal, H-Cv3ia, H-Cv4ia, H-Eb, H-PPW) to height, BMI, and NC. Weight correlated the most with sagittal linear measurements. This highlights the strong impact of the following anthropometric factors on the vertical and sagittal dimensions. Height displayed more correlation with the vertical measurements, while weight correlated more with those of the sagittal.
Usually, clinicians record the BMI (weight/height 2 ) and NC to check if their patients' values are within the normal range. Results of this study tend to redirect the impact of height and weight as separate entities, on the measurements, to assess the hyoid bone position in the vertical and sagittal dimension respectively. Useful information can be derived from hyoid bone position in this study regarding the assessment of airway-related measurements. Variations in the hyoid bone position can occur under standardized conditions, even in the same person. Discrepancies between studies are justified by differences in populations, measurements, procedures, classes, craniofacial patterns, and the anthropometric heterogeneity in gender, age, weight, height, BMI, and NC.
CONCLUSION
• Cephalometric norms for the hyoid bone position in the Lebanese population have been established in this study.
• Anthropometric conclusions:
-Sexual dimorphism was demonstrated.
-Differences were observed within diverse ethnicities where related facial type identification is mandatory in assessing the vertical position of the hyoid bone. -The vertical hyoid position was strongly correlated to the height, which interacts intimately with skeletal facial types, followed by weight, NC, and then BMI. -The sagittal hyoid position was strongly correlated to the weight of individuals, followed by height, NC, and BMI similarly. -The BMI correlated the least to both vertical and sagittal hyoid measurements. -As a clinical relevance, the impact of height and weight as separate entities should be considered in assessing the hyoid position.
• Skeletal patterns did not influence the sagittal and vertical hyoid position.
